Aim Restorative proctocolectomy with ileal pouch-anal anastomosis is considered by many surgeons to be the standard procedure for surgical management of ulcerative colitis. There is controversy about whether or not a covering ileostomy should be constructed. The aim of this study was to evaluate the outcomes and morbidity for patients with ulcerative colitis who underwent restorative proctocolectomy with or without a diverting ileostomy.
Introduction
Restorative proctocolectomy with ileal pouch-anal anastomosis has become, in the opinion of many surgeons, the standard procedure for the surgical management of patients with ulcerative colitis. It is still controversial if a diverting loop ileostomy should be constructed or not [1] . On one hand it has been claimed that a diverting ileostomy reduces the risk of major complications such as anastomotic leakage and pelvic sepsis [2] [3] [4] [5] . On the other hand there is a lot of discomfort and many complications associated with the stoma [6] [7] [8] [9] [10] . European evidence-based consensus on surgery for ulcerative colitis (the ECCO Guidelines) recommends the use of temporary loop ileostomy, especially in the presence of risk factors [11] . However, in selected patients this is not mandatory. In our hospital, a diverting stoma is only constructed for highly selected patients. This study was designed to discover the stoma-related morbidity in our centre over an 11-year period.
Method Study design
This is a single-centre retrospective study. The aim of this study was to compare postoperative morbidity and outcomes after proctocolectomy and ileal pouch-anal anastomosis with or without a diverting loop ileostomy. All consecutive patients with ulcerative colitis who underwent restorative proctocolectomy and ileal pouchanal anastomosis between January 2005 and June 2016 were included. Five hundred and ten patients were eligible. Fifty of them underwent preliminary subtotal colectomy and ileostomy because of severe or fulminant colitis, and as a second stage procedure proctectomy and ileal pouch-anal anastomosis.
The medical records of 510 patients were reviewed to identify medical history, outcomes and the rate of complications. All complications mentioned in the medical records were included in the study and were classified according the Clavien-Dindo classification. If a patient had several postoperative complications, the highest Clavien-Dindo grade was used for analysis. Anastomotic leakage was diagnosed by CT scan with per anal contrast agent, in pouchoscopy or during the re-laparotomy. A CT scan was performed if there was any clinical suspicion of possible anastomotic leakage. Alarming symptoms were, for example, fever, abdominal pain, high C-reactive protein and difficulty urinating. Dehydration was assessed as a disturbance of electrolytes and the need for excess fluids which postponed discharge. Bowel obstruction was assessed as vomiting or the need for a nasogastric tube and stoma malfunctioning necessitating one or more additional days in hospital. Pouchitis was diagnosed by typical symptoms such as watery diarrhoea, lower abdominal pain, fever and rectal bleeding, and was confirmed with histology of the biopsies taken in pouchoscopy. If there was only one episode of pouchitis with typical symptoms, the pouchoscopy was not always performed. Patients with chronic pouchitis had systematic pouchoscopy with yearly biopsies.
Categorical variables are expressed as number of patients and percentage of the total number of patients. Continuous variables are presented as mean and SD or median and range. Between groups with and without a diverting ileostomy, continuous variables were compared using the Mann-Whitney U-test and categorical variables were compared using the chi-square test or Fisher's exact test. Inverse propensity weighting (IPW) was used to control for differences in age and gender between the groups in logistic regression analyses. Parameters were selected by fitting a logistic model via penalized maximum likelihood with least absolute shrinkage and selection operator (lasso) with standardized variables (the glmnet R-package; http://www.cran. r-project.org), by applying 10-fold cross-validation and choosing the most regularized model with a cross-validation error within 1 SD of the minimum error. Data were missing for three patients. These patients were removed from the multivariate analysis and the logistic regression model. Probability values less than 0.05 were considered significant. Bonferroni correction was used to account for multiple testing. The study was approved by the institutional ethical committee. Formal consent was not required for this type of study.
Operative technique
For all patients, a proctocolectomy or proctectomy and ileal pouch-anal anastomosis was performed using an open technique with a low midline incision. Patients were operated on by one of four experienced surgeons. Close dissection of the rectum was done, with the exception of a few patients with rectal cancer or a narrow pelvis who were treated by total mesorectal excision. A hand-sewn technique was usually used for the pouch-anal anastomosis (89.8%). The rectum was transected as low as possible and the remaining rectal mucosa was removed transanally. The pouch was anchored with four wall-through sutures into sphincters and the pouch-anal anastomosis was sewn with interrupted sutures. If a stapled pouch-anal anastomosis was performed, the rectum was divided 1-2 cm above the dentate line using a stapler. An ileal J-pouch was constructed using multiple linear staplers. The decision to use or omit the diverting ileostomy was made at the end of the operation by the operating surgeon. In our hospital, the standard is not to divert. The indications for the proximal diversion in this study were tension of the ileal pouch-anal anastomosis (69.7%), a morbidly obese patient (17.6%), ulcerative colitis-associated colorectal cancer (5.9%), cirrhosis due to sclerosing cholangitis (0.8%), previous liver transplantation (4.2%) and perianal fistula (1.7%). If a diverting stoma was constructed it was raised as distally as possible, usually 20-50 cm above the pouch. A Medena catheter was inserted into the pouch in all patients and kept in place postoperatively for 5 days in patients without an ileostomy and for 2 days in patients with an ileostomy. One pelvic drain was sited behind the pouch.
During the ileostomy closure, the bowel was released locally from abdominal wall. An end-to-end anastomosis was fashioned using a continuous suture.
Results

Patients
In total, 510 patients were included into the study. Of these, 391 patients underwent primary surgery without and 119 with a covering ileostomy. Twenty-eight proximal diversions were constructed in a second operation because of a complication and these patients were included in the no-stoma group in the analyses according to the intention-to-treat principle. Of these 28 patients, 23 patients required diversion because of anastomotic leakage and five because of other complications. Of these five, three were re-operated because of occlusion, one because of haemorrhage and one because of bowel ischaemia. All covering stomas were later closed. Of all patients, 50 had undergone colectomy as an emergency procedure. In these patients the primary surgery referred to in this study was proctectomy and a covering ileostomy was constructed in 11 of them.
Patient characteristics are summarized in Table 1 . Patients in the stoma group were slightly older (42.7 AE 13.4 years vs 38.7 AE 13.0 years, P = 0.049) and more likely to be men (76.5% vs 56.5%, P < 0.0001). Pouch-anal anastomosis was more often stapled in patients with a covering stoma (26.9% vs 5.1%, P < 0.0001). The mean operative time was longer in the stoma group (3:49 AE 0:40 h:min vs 3:03 AE 0:31 h:min, P < 0.0001), as well as the median postoperative length of hospital stay (12 days vs 9 days, P < 0.0001).
All specimens were assessed by a gastropathologist; there were 354 (69.4%) with active colitis, 87 (17.1%) with dysplasia, 36 (7.1%) with inactive colitis, 24 (4.7%) with ulcerative colitis-associated cancer (17 on the colon, 7 on the rectum), 7 (1.4%) with indeterminate colitis and one (0.2%) caecal lymphoma. One specimen was damaged during transport and was not suitable for analysis. The inverse propensity weights were used to control for age and gender differences between the groups. A binary logistic regression model was used for the analysis. Three patients had missing data, these patients were removed from the multivariate analysis. For the multivariate model, penalized regression based on the lasso method was used to select variables from the variables shown in the univariate regression. In the multivariate model, 64.3% of the patients were correctly classified. Penalized odds ratios are shown in parenthesis for the multivariate model, other values are unpenalized odds ratios.
Early postoperative complications
Early postoperative complications are presented in Table 2 . In total, 118 patients (30.2%) without an ileostomy and 66 patients (55.4%) with an ileostomy had one or more postoperative complications after primary surgery (P < 0.0001). Anastomotic leakage developed in two patients (1.7%) in the stoma group and in 26 (6.6%) in no-stoma group (P = 0.04). Both patients in the stoma group needed another operation despite the ileostomy. The other indications for re-laparotomy in the stoma group were wound dehiscence, haemorrhage and an intra-abdominal abscess. Twenty-three patients without a stoma were operated on because of leakage and a loop ileostomy was created. One patient was treated with radiological drainage and two patients with antibiotics. After primary surgery, there was a significantly higher incidence of pneumonia in the stoma group (5.0% vs 0.8%, P = 0.002). Intestinal obstruction developed in 27 patients (22.7%) with an ileostomy and in 28 (7.2%) without an ileostomy (P < 0.0001, P < 0.0001 for multivariate OR; Table 3 ). The majority of the patients responded to conservative treatment, but four patients without an ileostomy required surgery. Patients with an ileostomy had a greater tendency for dehydration (25.2% vs 5.9%, P < 0.0001, OR 5.6, 95% CI 3.6-8.5; Table 3 ), mostly because of the high-output stoma.
Complications related to ileostomy after discharge
In total, 147 patients were discharged with an ileostomy. Stoma closure was performed on eight patients at another hospital. Therefore, we lack detailed information of possible stoma closure-related morbidity in these eight patients. Four of them were also followed up elsewhere. Complications related to ileostomy after discharge are summarized in Table 4 .
Of 143 patients, 62 (43.4%) suffered from some kind of a complication associated with ileostomy. The three most frequent complications were difficulties with stoma products (18.2%), skin irritation around the stoma (11.9%) and tendency to dehydration (7.7%).
All 147 ileostomies were closed. The median time to closure was 3.6 months (109 days, range 23-391 days). The median length of the hospital stay after ileostomy closure was 7 days (range 3-39 days). After ileostomy closure, 35 patients (29.3%) had a postoperative complication of which 31 (88.6%) were treated conservatively. Bowel obstruction developed in 21 patients and one of them underwent laparotomy. Three patients (2.0%) developed anastomotic leakage at the stoma closure site and they all underwent reoperation.
Readmissions
Within 3 months of primary surgery, there were 50 readmissions (42.0%) in stoma group and 51 (13.0%) among patients primarily without an ileostomy (P < 0.0001). The risk for readmission was high in the stoma group compared with the no-stoma group (univariate IPW-corrected OR 4.3, 95% CI 3.1-5.9, P < 0.001). The causes of the readmissions are shown in Table 5 . In the stoma group, the main reasons for return of a patient to the hospital were dehydration (16.0%) or bowel obstruction (7.6%).
Late postoperative complications
Late postoperative complications are presented in Table 6 . Six patients died during the follow-up period from conditions unrelated to proctocolectomy. There was no statistically significant difference either in the rate of fistulas (P = 0.18, IPW-corrected univariate OR 1.0, 95% CI 0.6-1.6, P = 0.967) or pouchitis (P = 0.4, IPW-corrected univariate OR 0.8, 95% CI 0.6-1.0, P = 0.041) between the groups.
The incidence of pouch failure did not differ between the groups (P = 0.74), neither did the odds 
Discussion
There is still a debate between proponents of one-and two-stage procedures. The European guidelines recommend the use of diverting stoma in patients undergoing restorative proctocolectomy. Only highly selected patients should be left without a protecting ileostomy [11] . The major concern is anastomotic leakage. It has been claimed that a diverting stoma might decrease the incidence of pouch-related complications [2] [3] [4] [5] . Leakage of an ileal pouch-anal anastomosis may also be a risk factor for pouch failure [12, 13] . However, there are many downsides related to ileostomy, such as skin problems, the tendency for dehydration and need for re-operations [6] [7] [8] [9] [10] . A meta-analysis by Weston-Petrides et al. showed a higher rate of anastomotic strictures in patients with a diverting ileostomy [14] . Although there were more anastomotic leaks in the patients without a protecting ileostomy in our study, the need for re-laparotomy did not differ between the (9) 0.40 *Bonferroni correction was used and P < 0.003 was considered to be statistically significant. groups (7.6% vs 9.2%, P = 0.58). The overall anastomotic leakage rate in our study was 5.5% which compares favourably with other studies [14] . Only symptomatic anastomotic leakages were confirmed with CT scan, pouchoscopy or surgery. It is possible that subclinical leakages in the stoma group were not verified. Supporting this assumption, there was no statistical difference in the incidence of perianal fistulas or pouch failure in the long term. In a recent systematic review, 1.9% of patients developed pouch-related septic complications after ileostomy reversal indicating subclinical fistulas or anastomotic leakage [15] .
The results of this study suggest that a protecting ileostomy increases the incidence of early complications, primarily as a result of dehydration or stoma-related bowel obstruction which were also the commonest reasons for readmissions in the stoma group. Almost half of the patients in the stoma group needed to stay in hospital for longer due to one of these two causes. Further, it is possible that aspiration, secondary to bowel obstruction, accounts for the higher incidence of pneumonia in this group.
In our centre the main indication for proximal diversion is tension of the ileal pouch-anal anastomosis or suboptimal visibility when suturing the anastomosis (69.7%). The decision to divert was made by the operating surgeon during the surgery. There was a male predominance in the stoma group which is probably accounted for by the fact that men have a narrower pelvis. Construction of the pouch and ileal pouch-anal anastomosis is most difficult in obese, male patients, and in these a stapled anastomosis was more frequently performed. A hand-sewn anastomosis is preferred in our centre because of the advantage of removing all potentially diseased mucosa after which endoscopic follow-up is only needed on symptomatic patients. The use of anchoring sutures with hand-sewn anastomosis may also prevent large leakages at the anastomosis, and makes it psychologically easier for the surgeon to omit the covering ileostomy. The meta-analysis by Schuendler et al. concluded that a hand-sewn anastomosis was as good as a stapled anastomosis in terms of functional outcome [16] . In some studies, there have been more pouch-related complications in hand-sewn than in stapled anastomoses. However, our results are comparable with other studies which almost all preferred stapled anastomosis. Naturally, the mean operative time was longer in the stoma group, reflecting a more difficult operation.
In our centre, the protecting ileostomy was also performed on patients with significant comorbidity, including those with severe coronary disease, renal insufficiency, cirrhosis, sclerosing cholangitis or those with posttransplant surgery. These patients have a higher risk of lethal complications secondary to anastomotic leakage. Other indications for diverting stoma were perianal infection and ulcerative colitis-associated colorectal cancer. Preoperative perianal fistula or abscess increase the risk of pouch failure [12, 13] . Complications and prolonged recovery might delay possible adjuvant chemotherapy in cancer patients.
Overall, in our study population, there were stomarelated problems in 42.2% of all patients with ileostomy and about one-third of the patients had complications secondary to ileostomy closure; of these, 11.4% needed repeat surgery. These numbers are comparable to those in a recent study from Sweden [10] . The main limitation of our study is its retrospective design, possibly causing a risk of selection bias. Despite the criteria used to select patients for a stoma our results suggest that it is the stoma itself, not patient selection, that accounts for the majority of complications. This is confirmed by the results of multivariate analysis.
The main reason for performing a diverting ileostomy is fear of anastomotic leakage. There have been many studies reporting good outcomes in patients undergoing proctocolectomy without ileostomy [17] [18] [19] [20] and the results of our study are in accord with these. Thus, the complications of protecting ileostomy may be as great as, or even greater than, of those of single-stage proctocolectomy in low-risk patients. However, in high-risk patients it is still preferable to construct an ileostomy because of the greater risk of severe complications.
Conclusion
Based on our results, we suggest that in high-volume centres performing proctocolectomy with ileal pouchanal anastomosis a covering ileostomy should only be used for patients with high morbidity or those who have a clearly increased risk of anastomotic leakage, such as anastomotic tension. The use of a covering ileostomy increases the incidence of postoperative complications, the rate of readmission and the length of hospital stay and does not decrease the risk of later pouch failure.
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